An ethanol Ficus glomerata wood extract and its purified components were investigated for their HIV-1 integrase (IN) and nitric oxide (NO) inhibitory activities. From bioassay-guided isolation, five compounds: -sitosterol-D-glucoside (1), aloe-emodin (2), genistein (3), 1,3,6-trihydroxy-8-methyl-anthraquinone (4) and 3-(1-C--D-glucopyranosyl)-2,6-dihydroxy-5-methoxybenzoic acid (5) were isolated. Among the tested samples, at concentrations of 100 M; compound 2 showed 31.9% inhibition of HIV-1 IN, followed by 4 (19.5%), whereas other compounds were inactive. With regard to the inhibitory effect on NO production, 3 possessed the highest activity with an IC 50 value of 27.5 M, followed by 4 (IC 50 = 34.7 M) and 2 (IC 50 = 41.8 M), respectively. This is the first time that compounds 2-5 have been isolated from Ficus glomerata.
The acquired immunodeficiency syndrome (AIDS) has been rapidly spreading in many countries and is a worldwide public health problem. Three enzymes that are essential for the HIV-1 life cycle are HIV-1 protease (PR), reverse transcriptase (RT) and integrase (IN). HIV-1 IN has become an appealing target for AIDS treatment since only one HIV-1 IN inhibitor named raltegravir is available in the market. HIV-1 IN functions as a dimer and the integration process is composed of two steps: 3 processing and 3 joining (strand transfer) that finally integrates viral DNA into the host chromosome [1, 2] . Nowadays, there are several clinically used drugs such as HIV-1 RT and HIV-1 PR inhibitors; however, they have some side effects [3] . Thus, searching for other HIV-1 IN inhibitors from natural sources is becoming an interesting target for treating AIDS.
The inflammation process usually occurs in AIDS patients following secondary infections. This depends on the type of opportunistic infection and one such process involves the induction of inflammatory mediators such as nitric oxide (NO). NO is synthesized by an inducible nitric oxide synthase (iNOS) and is considered to be one important mediator of inflammation [4] . NO has also been correlated with inflammatory processes involved with several diseases [5] .
Ficus glomerata Roxb. (synonym: Ficus racemosa Linn) is a plant in the Moraceae family. Its Thai name is Ma duea chumphon. Medicinally, the bark and fruit have been used for wound healing, antidiarrhoeal agent and for treatment of typhoid. The root has been used as an antipyretic and for antidiarrhoeal purposes [6] . It has been reported that the bark from Ficus glomerata showed antidiuretic [7] , antitussive [8] , wound healing [9] , anthelmintic [10] , anti-inflammatory [11] and antipyretic [12] properties. The alcoholic extract of the stem bark possessed antiprotozoal activity against Entamoeba histolytica and has been used in the treatment of mumps, smallpox and inflammation [13] .
Since, the wood EtOH extract of Ficus glomerata showed higher anti-HIV-1 IN activity at concentration of 100 g/mL (81.1% inhibition) than the root extract (45.7% inhibition), an EtOH extract from Ficus glomerata wood was then partitioned into hexane-, chloroform-, ethyl acetate-and water fractions and were tested for anti-HIV-1 IN activity. Among them, the ethyl acetate fraction exhibited the most potent inhibitory activity with an IC 50 value of 4.6 µg/mL, followed by the water fraction (IC 50 = 18.5 µg/mL), hexane and chloroform fractions (IC 50 > 100 µg/mL), respectively. The EtOAc fraction also exhibited an appreciable NO inhibitory effect without any cytotoxicity (IC 50 = 24.6 g/mL) ( Table 1) .
From bioassay-guided fractionation, five compounds were isolated from the extract of Ficus glomerata and they were tested for inhibition of HIV-1 IN (Table 2) and NO inhibitory activities (Table 3) . For anti-HIV-1 IN activity, compound 2 (aloe-emodin) showed a 31.9% inhibition at 100 M, followed by compound 4 (1,3,6-trihydroxy-8-methyl-anthraquinone) with a 19.5% inhibition; whereas other compounds (1, 3, 5) were inactive. With regard to NO inhibition, genistein (3) had the highest activity with an IC 50 value of 27.5 M, followed by 4 (IC 50 = 34.7 M), 2 (IC 50 = 41.8 M), 5 (IC 50 = 43.9 M) and 1 (IC 50 = 59.9 M), respectively without any cytotoxic effect. The NO inhibitory activity of 3 (IC 50 = 27.5 M) was comparable to that of indomethacin (IC 50 = 25.0 M), the anti-inflammatory drug. Genistein (3), an isoflavone derivative, has been reported to have anti-rheumatoid arthritis, anti-oxidative and anti-osteoporosis effects [14] [15] [16] .
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It has been reported that the EtOH extract of the bark, the frozen fruits and the milky sap of Ficus glomerata exhibited significant anti-inflammatory activity in vitro by inhibition of COX-1 activity [17] . Another study showed that EtOH extract of the bark inhibited cyclooxygenase 1 (COX-1), 5-lipoxygenase (5-LOX) and phospholipase A 2 (PA 2 ) [18] . The petroleum ether extract of leaves at doses of 200-400 mg/kg body weight, exhibited significant antiinflammatory activity in carrageenan-, serotonin-, histamine-and dextran-induced rat paw edema [19] .
From the present study, it is concluded that compounds isolated from Ficus glomerata could have a synergistic effect as an anti-HIV-1 IN agent because the pure compounds show less activity than the EtOH extract (81.1% at 100 g/mL). Therefore, this plant extract may have better potential than the pure compounds. In case of the NO inhibitory effect, genistein (3) 
Reagents for NO assay: Lipopolysaccharide (LPS, from
Escherichia coli), RPMI-1640 medium, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), indomethacin and phosphate buffer saline (PBS) were from Sigma Aldrich (Sigma Aldrich, Missouri, USA). Fetal calf serum (FCS) was from Gibco (Invitrogen, California, USA). Penicillin-streptomycin was from Invitrogen (Invitrogen, California, USA).
96-Well microplates were obtained from Nunc (Nunc, Birkrød, Denmark). Other chemicals were from Sigma Aldrich (Sigma-Aldrich, Missouri, USA).
Isolation of compounds from Ficus glomerata extract:
A dried power of Ficus glomerata wood (10 kg) was extracted four times with ethanol (43 L) at room temperature. The EtOH extract (192.9 g) was successively partitioned to obtain hexane (39.6 g), chloroform (25.4 g), ethyl acetate (9.8 g) and water fractions (38.2 g), respectively. The ethyl acetate fraction (9.8 g) was chromatographed on silica gel using chloroform, chloroform/methanol and methanol to afford 13 fractions (F1-F13).
Fraction F3 (0.91 g) was separated by chromatography on a silica gel column using 20% methanol in chloroform to yield -sitosterol-D-glucoside (1) (white solid, 4.9 mg, 0.0025%w/w).
Fraction F1 (5.0 g) was separated by chromatography on a silica gel column using 31% ethyl acetate in hexane to give thirteen subfractions (F1/1a-F1/13a). Subfraction F1/11a
Inhibition on HIV-1 IN and NO production of Ficus glomerata Natural Product Communications Vol. 6 (8) 2011 1097 (60.0 mg) was purified by recrytallization with 95% methanol in hexane to give aloe-emodin (2) (orange solid, 17 mg, 0.0088%w/w). Subfraction F1/13a was purified on Sephadex LH-20 with 50 % water in methanol eluant and recrystallized to obtain genistein (3) (white solid, 12 mg, 0.0062%w/w).
Fraction F2 (62.6 mg) was purified by chromatography on a silica gel column using 2% methanol in chloroform to give six subfractions (F2/1a-F2/6a). Subfraction F2/5a (11.0 mg) was purified on silica gel using 60% ethyl acetate in hexane to obtain 1,3,6-Trihydroxy-8-methylanthraquinone (4) (orange microcrystalline solid, 1.0 mg, 0.00052%w/w).
Fraction F9 (50.0 mg) was separated using ethyl acetate, methanol and water (98:1:1) which finally gave 3-(1-C--D-glucopyranosyl)-2,6-dihydroxy-5-methoxybenzoic acid (5) (white solid, 18.0 mg, 0.0093%w/w).
The structures of compounds 1-5 were elucidated using spectroscopic techniques and compared with previously reported spectral data [20] [21] [22] [23] [24] , except for compound 4 that was elucidated using the mass spectrometry and UV-vis spectrometry.
Inhibitory effect on HIV-1 integrase activity:
The inhibitory effect on HIV-1 integrase activity was evaluated according to a modified method from that previously reported [25] .
Inhibitory effects on LPS-induced NO release using RAW264.7 cells: The inhibitory effect on NO using RAW264.7 cells was determined using a modified method from the previous literature [26] .
Statistical analysis:
The values are expressed as a mean ± S.E.M of four determinations. The IC 50 values were calculated using the microsoft excel programme.
